In the recent years we have witnessed a transition in the understanding of the pathophysiology of chronic heart failure (CHF). Chronic heart failure is now viewed as a multi-organ disorder, which encompasses impaired function of the heart together with several changes at the periphery including abnormalities within the skeletal musculature, impaired function of the respiratory and renal systems, neurohormonal activation and imbalance within the immune system [1, 2] . The development of the peripheral syndrome determines the clinical picture of CHF, can explain most of CHF patients' symptoms and finally may be responsible for the disease progression independently of the haemodynamic status [1, 2] .
The evolution of the conceptual models of CHF has substantially influenced the management of this syndrome. Only 20 years ago CHF patients were discouraged from performing regular exercise and CHF symptoms were considered as a contraindication for exercise rehabilitation by many practicing cardiologists. It was based on the erroneous assumption that in the case of impaired function of the heart, exercise itself may deteriorate both haemodynamics already compromised at a resting level and cardiovascular function, and constitute a life threat for a CHF patient. At the same time, however, training programmes were convincingly proving to be beneficial for patients who recovered from acute myocardial infarction, some of whom had left ventricle dysfunction and heart failure symptoms. These data encouraged investigators to start with carefully planned exercise rehabilitation programmes in highly selected patients with CHF [3, 4] . Since then numerous studies have confirmed that exercise training improves the debilitating symptoms of CHF and quality of life [5] . However, the question whether regular exercise rehabi-litation reduces the number of hospital admissions and even more importantly, prolongs life of CHF patients, still remains open.
Observational studies reported exercise capacity as a powerful predictor of mortality among apparently healthy subjects and men with cardiovascular disorders, independently of the traditional risk factors [6] . In CHF the relationship between exercise intolerance and poor survival is also well established [7, 8] . However, there are no prospective studies set up to assess the effects of regular exercise activity on mortality and morbidity in an adequately large population of CHF patients. Recent meta-analysis [9] gets us closer to the statement that properly supervised medical training programmes in CHF patients are safe and will reduce mortality and rate of hospital admissions.
The mechanisms responsible for the favourable effects of regular exercise in CHF are not clear. In the current issue of this Journal the paper by Larsen et al. [10] sheds more light on this issue and it comes from an experienced group that has already reported beneficial effects of exercise training on the peripheral abnormalities in CHF [11] [12] [13] . In the current study, 12 patients with moderate, stable CHF underwent a 12-week programme of exercise training, initiated at the cardiac rehabilitation centre and further continued at home [10] . All patients safely completed the programme, and demonstrated an improvement in exercise capacity at the end of the study. More importantly, after exercise training the favourable changes in the indices of heart rate variability (HRV) were observed, which indicated beneficial effects on the autonomic control of the heart rate [10] . Interestingly, such an improvement in HRV measures was followed by better survival [10] . This finding, although based on the pilot study with a relatively small group of patients, is intriguing, because it may suggest that the analysis of HRV measures may allow the identification of those CHF Several neurohormonal pathways are over-expressed in CHF, including activation of the sympathetic nervous system (SNS) [2, 14] . Long-lasting over-activation of the SNS results in unfavourable cardiac, renal and vascular effects and the assessment of the magnitude of SNS activation may provide important prognostic information [2, 14] . All interventions targeting the biological effects of the overactive SNS seem to be a promising option for CHF patients.
The results of the study by Larsen et al. [10] are consistent with the previous reports in demonstrating that exercise rehabilitation is able to correct sympathovagal imbalance in CHF [4, 15, 16] . Additionally, they may generate a discussion as to why an intervention directed primarily towards the peripheral musculature efficiently affects autonomic control of the cardiovascular system.
Mechanisms underlying SNS activation in CHF remain
poorly understood [14, 17] . At least five candidate mechanisms may operate at the level of the central nervous system to change sympathetic drive in CHF: angiotensin II, insulin, opioids, nitric oxide and leptin [17] . The activity of the SNS is also modified by the balance between inhibitory and excitatory afferents from the periphery, which in CHF is altered in favour of excitatory influences [14] . There are two physiologically important reflexogenic areas with inhibitory influences on the SNS-the arterial and cardiopulmonary receptors. In the classical view of CHF, these inhibitory reflexes are 'switched off ' resulting in transient over-activity in sympathetic drive [14] . Additionally, augmentation and predominance of excitatory afferents from the chemoreceptors, and from the skeletal muscle receptors (ergoreceptors), form the major excitatory inputs to the sympathetic central nervous system operating in CHF [14, 18, 19] . In the context of the effects of exercise training on SNS the muscle ergoreceptors seem to be of crucial importance. Following our original observation that in CHF ergoreceptor activity is increased [18] , we have proposed that they have a general role in the generation of excessive ventilation, sympathetic activation, vasoconstrictive responses to exercise, and in the genesis of symptoms of exercise intolerance in patients with CHF [18, 20] . In CHF, exercise training corrects the over-activity of the ergoreceptors [18] . Taking into consideration that in CHF, ergoreflex activation predicts autonomic and reflex regulatory disturbances, such as chemoreflex augmentation, baroreflex attenuation, and sympathetic activation [21] , it may well be that correction of the overactive response from the ergoreceptors by exercise training further translates into normalisation of SNS activity.
There are also some premises mainly from the experimental models that there are functional connections between immune and nervous reflex mechanisms, and that molecules participating in innate immune response (endotoxin, cytokines) might be also involved in the modulation of reflex responses within the cardiovascular and respiratory systems [22] [23] [24] . It has been established that the autonomic nervous system can reflexively modulate immune responses, and the crucial mechanism is the so-called 'cholinergic anti-inflammatory pathway' [22] [23] [24] . In CHF a generalised impairment in the vagal reflex response may affect this 'inflammatory reflex' resulting in a dysfunction of the reflex anti-inflammatory pathway, which further underlies the progression of inflammation. Therefore, it is prudent to hypothesise that exercise training by improving reflex control within the cardiovascular system may also exert regional antiinflammatory effect on the level of skeletal musculature.
The results reported by Larsen et al. [10] [11] [12] [13] and the other investigators [3] [4] [5] 9, 15, 16] provide new insight into the peripheral effects of the exercise training but also extend our current understanding of the peripheral abnormalities in CHF. We will probably soon be facing the time when exercise rehabilitation becomes an integral part of the comprehensive management of the CHF syndrome and will be widely used by physicians treating CHF patients.
